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N3MEPEHUE IIOTOKOB B YCJIOBUAX AHU3OTPOIINU
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NAPIIUAJIBHBIA TEOMETPUUYECKUU ®PAKTOP

ObnacTb «M30TPONHOrO» NOTOKa Pa3bueHune TenecHoro yrna o63opa npubopa Ha JOMEHb!
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BPEMEHHDBIE BAPUALIUU TAPIHHIUAJIBHOI'O 'TEOM®AKTOPA
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BAJIMJALIVS U BEPUOUKALIUS METOIUKHA
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PACIHUPEHUE METOAUKHU HA NPUBJIWXXEHUE BEAYHIEI'O HEHTPA

CBA3b NapaMeTPOB FNMPOLEHTPA C U3MEPAEMbIMU NTOKANbHbIMWN BEIMYMHAMMU
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PACIHUPEHUE METOAUKHU HA NPUBJIWXXEHUE BEAYHIEI'O HEHTPA

AE = 0.35 - 0.40 GeV
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PACIHIUPEHUE METOJAUKHU HA NTPUBJINXEHUE BEAYIIEI'O IEHTPA
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CXEMA PACUETA III'd U MIOTOKOB 3APSI)KEHHBIX YACTHI]
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SAKVIIOYEHUE

MpenmyLecTsa MeETOANKMU

* Wcnonb3oBaHne moaennpoBaHusa MoHTe-Kap/sio M30TPONHOro NoToKa

* lcnonb3oBaHMe eaAUHOro cemnaa MoAeIMPoOBaHNA AnA Ntobbix opueHTaumim npnbopa OTHOCUTE/IBHO BEKTOPA
MarHMTHOro NosAa 3emnu

* [MBKoCTb Npu BblbOpe BUHHMHIA B NPOCTPAHCTBE rEOMarHUTHbIX KOOPANHAT M BPEMEHW U KaK pe3ynbraT
NPUMEHUMOCTb K A@HHbIM C Ma/JIoN CTaTUCTUKOWM

* [IpPUMEHMMOCTb A1 BbIYMCNEHUA AaHU3OTPOMHbIX MOTOKOB pa3HOM GOpPMbl, HAaNnpumep B NpuUbAnKeHnn
BeAyLWero ueHTpa

[TpMeHNnMOCTb

* [lpnbop AoNKEH YMETb BblAeNATb HanpaBAeHne NpUAETa Yactmu, n paboTtaTb B pexxmme event-by-event
(SAMPEX/MAST, NINA, NINA-2, AMS-01, AMS-02, PAMELA, CSES)

* HeobxoaMmo nMmeTb BO3MOXKHOCTb O4EeHb TOYHO MOAENNPOBATb OTK/IMK Npubopa Ha NOTOK nUccaeayembix
yacTtum,

* B npubaukeHnn rmpoueHTpa Tpebyetca rpomo3akas npoueaypa onmMcaHMA HENPAMOYIONbHOM TPEXMEPHOM
JIOKA/IbHOM CETKU



PACIHUPEHUE METOAUKHU HA NPUBJIWXXEHUE BEAYHIEI'O HEHTPA

incident
particle
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Radiation belt measurements:
PAMELA instrument capability

Detectable proton energy range : ~100 FEhNESHPIRTIE
MeV - 750 GeV

Telescope’s opening angle: 15° to 25°
Angular resolution: 0.1° — 3.0°
Satellite pointing accuracy: <<0.1°
Instrument’s dead time: 10 ms
Geometrical factor: 21.6 cm? sr
Operation period: Jun 2006 — Jan 2016
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Orbit parameters:

altitude 350 — 600 km

Inclination 70°

crossing inner radiation belt: 5-8 times
per day

100 150
Longitude (deg)




PAMELA data 01.08.2006
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Gathering power for anisotropic flux

Anisotropy

Fi®)=sin'20

Fi®)=sin'bo

F(9)=sinb0@

FLUX J, ,LINEAR ARBITRARY SCALE

40° 60" 80° 100° 120° 140°
PITCH ANGLE ©

F(w) = cos"b,
Fischer, H. M., Auschrat, V. W., & Wibberenz, G. (1977). Angular
distribution and energy spectra of protons of energy 5 < E <50
MeV at the lower edge of the radiation belt in equatorial
latitudes. Journal of Geophysical Research, 82(4), 537-547.
https://doi.org/10.1029/JA082i004p00537

C=I"*J where C — count rate, I — gathering power, J —
Intensity of the flux

I = fozn 1;912 F(E,9,p)dcos?*9de S
Calculation from MC:

r=->~ foznng(E,ﬁ, @)dcos?9de S

NtoT

where N;o number of simulated trajectories, N — number of selected trajectories,
S — area of the simulation square.

Sullivan, J. D. Geometric factor and directional response of single and multi-element particle
telescopes. Nucl. Instruments Methods 95, 5-11 (1971).

Effective area approach:
dN = A(Y, @) cosY Jdw

where A is effective area, 0 zenithal angle, ¢ — azimuthal angle, J —flux intensity,
dw — element of the solid angle

Selesnick, R. S. et al. Geomagnetically trapped anomalous cosmic rays. J. Geophys. Res. 100, 9503 (1995).



Orientation variability in the instrumental reference frame

Incident particle and magnetic field directions in 1 PAMELA data 01.08.2006

: on
the |ns::cruzmental reference frar“neZ S 1004 1.1<L<1.2,B<0.21 Gs, 100 MeV < Ty <1 GeV
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Gathering power for anisotropic flux

Pitch angle strips efficiency
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1 GV simulation protons after basic selection
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Gathering power for 1 GV proton variations

GF of 90 degree pitch band along SAA trajectory
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where I, - effective gathering power
relative to registration of particles in
Aa pitch angles range, FiA“ - gathering
power for particles in Aa pitch angles
range for it" interval, t-length of ith
interval, AT = ). t;, N— number of
selected events in the experiment in
the energy range AE during AT
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Check the method for simulation data

Trigger selection
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Check the method for experimental data (Galactic isotropic flux)

0.15 . l
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S
4+
- PAMELA data 01.08.2006, L>6
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J, (MeV cm? Srs)’
S
ma

One pass/day proton directional fluxes distributions
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Inner

radiation belt flux of protons
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Conclusion

The robust method to reconstruct directed flux of particle, detected Iin event by

event mode, with known direction of flight in the condition of high anisotropy was
proposed.

The method was tested on the independent sample of simulation data and on

PAMELA experimental data for galactic cosmic rays, which are known to be
Isotropic.

The reconstructed flux iIs consistent with the measurements of other instruments.



Approach to reconstruct directional flux of trapped particles: Selesnick, et al., 1995

Geomagnetically trapped anomalous cosmic rays
JGR, V. 100, No A6, p. 9503-9518

Number of events N, in energy, pitch angle, L-shell, time bins observed by the telescope from the intensity
j(E,a,t, L) at the spacecraft:

Niknm
eq
21 Xpyq Eigq tm+1

= f f j t j |A(E;9(05» B,05(0), pp(t)), ¢(a, B, 05(0), ‘PB(t)))

X cosH(a, B,05(t), pg (t)) X j(E,a®,t, L) X

Lp<L<Lpy4q
na x -2« dtdEda®id
sina X Jeq X dtdEda®ldf
a, 3 - local pitch and gyrophase angles relative to the local magnetic field; A — telescope response function or effective area;
a € - equator pitch angle; j(E,a®,t,L)=j(E,a,t,L) from Liouville’s theorem.

05 (t), @g(t)- spherical angles between telescope axis and the local magnetic field;

8, @ - spherical angles relative to the telescope axis;



Niknm = Jiknm X AE; X|Gigm |X Atm=jiknm X AE; X ZAtjEAtm(Gikmj X Atj)VAtm

| — energy bins;

K - pitch angle bins;
n — L-shell bins;

m — time bins;

Atj € At,,, - time interval with constant Gy,

jiknm , [em? xsrxMeV xs]|~1 - intensity.

Gikm’ cm2xsr - average acceptance, that takes into account the contribution of short time

Intervals j with different orientations of local magnetic field respective instrument axis in each
time bin n.
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